Abstract. Aiming at the problem of the method that demands a high accuracy of the equipment with a high price and low generality in measuring the elastic modulus by using the direct method, a device and a method are proposed to measure the elastic modulus of the rod-shaped object based on image processing. The image of the rod-shaped object is gotten using the proposed measurement device. The coordinates of the point on the contour line and the centroid of the cross-section of the rod-shaped object are extracted by using the object image with loading and no-loading respectively. The elastic modulus is computed by using the deflection difference formula. Finally an example is given to verify the feasibility and effectiveness of the device and method that lay a solid foundation for future study of the rod-shaped object elastic modulus measurement.
Introduction
The material elastic modulus is a key characteristic parameter that describes the ability to resist elastic deformation within the elastic limit [1] [2] . The elastic modulus is an important mechanical parameter in engineering technology [3] [4] [5] [6] [7] [8] . There are many existing measurement methods to the elastic modulus. Chen Cheng et al proposed the design of a measuring instrument for the elastic modulus of the metal wire based on a linear CCD [9] . Lwanage Hiroshi et al introduced an equipment for the measurement of high temperature elastic modulus [10] . Xu Jia-bin and others proposed the bending resonance method to measure the Young's modulus of the material [11] . Christophe Auvray et al evaluated the Elastic modulus of claystone by nano-/micro-indentation tests and meso-compression tests [12] . LI Ming-xiang proposed the measurement of Young's modulus of materials by laser interferometry based on the principle of double beam interference [13] . Chiu Chinchen et al developed relationships for determining the inplane elastic modulus of a coating by two experimental techniques of dynamic resonance and static bend [14] . Niu Lian-ping proposed a new improvement method for the problem of measuring the elastic modulus of steel wire by stretching [15] . If the elastomer is exposed to the external force, it is difficult to measure the strain and stress quickly and accurately. Because there is not a consistent one-to-one match between deflection values and the force the rod-shaped object receives, the elastic modulus can be determined indirectly. Therefore, a device and a method are proposed to measure the elastic modulus of the rod-shaped object with the advantages of simple operation, low equipment cost, high versatility and high measuring accuracy. The device and the method solve effectively the problem of measuring the elastic modulus of the rod-shaped object.
This paper is organized as follows. In Section 2, the device is presented for measurement the material elastic modulus. Section 3 describes the measurement step and method. An example is given to verify the feasibility and effectiveness of the device and method in Section 4. Section 5 concludes this paper.
Principle of the measurement device
The proposed measurement device consists of a monochrome board, a calibration block, a bracket mechanism, a computer, an image acquisition card, a data acquisition card, a loading device, a camera, and so on, as shown in Fig. 1 . The camera is calibrated by using the calibration block. The effective length of the rod-shaped object is determined by adjusting the position of the mobile bracket on the base rail of the bracket mechanism. The rod-shaped object is placed in the upper fixed bracket and the mobile bracket in the upper groove. The loading device is placed on the loading rack. The position of the loading rack on the rail of the base can be adjusted. A loading force is applied by the loading device at the intermediate position of the effective length of the rod-shaped object. The rod-shaped object pictures are acquired for loading and no-loading, and the camera is controlled by a computer. The deformation images of the rodshaped object are obtained and saved under different loading condition. The camera focal length and the distance from the camera to the rod-shaped object remain unchanged for taking the images. The images are processed using binarization, interference elimination, dilation, erosion, contour extraction, and so on. 
Measurement steps and methods
The elastic modulus measurement method can be expressed as follows.
Step1: The camera calibration block is calibrated.
Step2: The images of the rod-shaped object are taken and the corresponding images are processed.
Step3: The coordinates of the contour points are extracted on the upper and lower contours of the rodshaped object with loading and no-loading respectively.
Step4: The coordinates of the cross-sectional centroid of the rod-shaped object and the deflection difference between loading and no-loading are computed.
Step5: The elastic modulus is obtained by using the deflection difference expression. The coordinate system is shown in Fig. 2 . The coordinates of the upper and lower contour points of the rod-shaped object are obtained by using the image processing technology. The contour points are extracted from left to right along the effective length of the rod-shaped object. The variables
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x are the abscissa values of the contour points, and N is an integer not less than 11.
The upper contour is marked as LRU (that consists of the left half LU and the right half RU), and the lower contour is marked as LRL (that consists of the left half LL and the right half RL). The curve LRC (that consists of the left half LC and the right half RC) stands for the centroid of each cross-section along the length of the rod-shaped object.
Three algorithms are proposed to find the elastic modulus of the rod-shaped object. The curve LRC under no-loading condition can be expressed as
The curve LRC under loading condition can be expressed as 
If the both ends of the rod-shaped object are supported, the deflection curve can be expressed as [16] 
where q is the linear density of the rod-shaped object, L is the effective length of the rod-shaped object, and I is cross-section moment of inertia of the rod-shaped object.
The cross section moment of inertia of deflection difference can be expressed as
where D is the equivalent diameter of the rod-shaped object.
If the both ends of the rod-shaped object are supported, the theoretical deflection curve can be expressed as
where F is the force in the middle of the effective length of the rod-shaped object, as shown in Fig. 2 . And the corresponding theoretical deflection difference can be expressed as And the average of the elastic modulus of the rodshaped object is obtained as
The standard deviation of the elastic modulus of the rod-shaped object is obtained as ( ) 
. Therefore the elastic modulus can be computed as 
Algorithm 2: The ordinates corresponding to the
x of the contour points are obtained by using image processing under the loading and no-loading conditions. The ordinates (UY2) () 
) of the upper contour and lower contour points are extracted under no-loading condition. The corresponding deflection difference of the abscissas between loading and no-loading condition can be found by the following equation.
, , ,
Based on Equation (15) x . The average value and the standard deviation of the elastic modulus of the rod-shaped object are obtained by using Equation (12) and Equation (13) . According to the 3 times standard deviation criterion, the gross errors should be removed. The remaining elastic modulus value can be computed as using Equation (14) . The curve LC and the curve RC under no-loading condition can be expressed as
The curve LC and the curve RC under loading condition can be expressed as 
The average values of the elastic modulus at the left half and right half of the rod-shaped object are obtained as 
According to the 3 times standard deviation criterion, the gross errors should be removed. The R removed ones are expressed as (t ) (t ) (t)
, R E . Therefore the elastic modulus at the left half of the rod-shaped object can be computed as 
According to the 3 times standard deviation criterion, the gross errors should be removed. The Q removed ones are expressed as
, Q E . Therefore the elastic modulus at the right half of the rod-shaped object can be computed as 
The final elastic modulus can be expressed as 
Experiment
The elastic modulus of a plant stem is measured to verify the proposed device and method. The vertical downward force shown in Fig.2 
Conclusions
A device and a method are proposed to measure the elastic modulus of the rod-shaped object based on image processing. The structure of the device is provided. The image of the rod-shaped object is gotten using the proposed measurement device. The coordinates of the point on the contour line and the centroid of the cross-section of the rod-shaped object are extracted by using the object image with loading and no-loading respectively. The elastic modulus is computed by using the deflection difference formula. Three computing algorithms are proposed and the corresponding formulae are given. Finally an example is given to verify the feasibility and effectiveness of the device and method that lay a solid foundation for future study of the rod-shaped object elastic modulus measurement.
